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FOREWORD 

Under Project 16.1-5 the development of various 
types of reflex sights has been carried out at the 
University of Rochester, for a variety of applications. 
Use has been made of high efficiency partially re- 
flecting coatings on the dividing plates of some models, 
particularly «hen sky illumination of the roticle has 
been employed. 

Under Project NO-103 a radar reflex sight, known 
as the "Flight Sight" was developed to provide the 
pilot of a night fightor airplane with a single 
collimated display which Includes, in addition to the 
usual gunslght reticle, a gyrohorlzon, an airspeed 
meter and a radar screen.    Tests of a prototype model 
in an F40-2 aircraft at Patuxont River in 1944 showed 
that the device would probably be extremely useful if 
the radar display could be increased in brightness. 
Investigation revealed considerable vibration of the 
dividing plate wnieh presumably was responsible for 
reducing the app: rent brightness of the radar display. 
The mounting of the dividing plate was stiffened in 
August, 1945,  but time did not permit testing of the 
revised model.    It seems likely that the radar display 
will be bright    ;>ugh for use in moonlight,  but it day 
be necessary to provide shock mounting for the Flight 
Sight c-nd radar   ; .be. 

The followi,.    is an extract from a letter written 
by Dr. J. W. Evai..   of the University of Röchest«".1 on 
June 28, 1945, di':criDing sh&ke table tests of t. o , 
Flight Sight: 

"The sight      J tc-sto! by nountin* it '-a rigidly 
•s ^oonlblo on      r ah-ku table [dMtgMd tad use1 
for Mto-OSellli ti.a binoeulnrs).    A snnll pulnt 
s;urce wna set in thI fjccl p3*ni of the abjective 
in tha joslticn BomaUy -courlcJ by tho sercuu of 
the oscilljSCs.e tubs.    .iith thd shaXb t-iblo rur.nit.; 
the »jlnt s.'uree W:.B vioveJ by (-i) r-   lection Iron 
the Mil x . Uta (..s It voul I -1 r.i.l     be fffflaad by 
tho air,! M . lljtj «ad (b) by 1 tdftjj     vertlc-iUy 
••or.B int      n    objective SJ thut lighl   mo tr-.noailt.o-' 
through   •-   i -jflcK «Ifttt.    Than the i «r.jr nirrjr MS 
re.3jvj ',   •  .   ,.oint a urcc wr.s ••••   «Ji . Laejsd in th<j 
foci id ..     id the   hove j>ba«r-    i •    um ret.*t. I, 
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"Tins jbserv.-.U..nfl TCTa vary Jjfinltö in 
in^icetint; that the vibration of th'. r;flox plate 
is the- s.nircy of the tr;ubl:, »nil* thy vibr..tion 
ot th-_ loner *irr'T I p|HMft tj h IM a iic.jligiblo 
effect.    This ...t'.na th: t II tiie vior-.ti-.-n uf the 
sht.ke tt.blj la c-jiaj".r'.bli.  tu th^t of OB ulr, lunj 
the   leflnitlon ai  tliu jVOjMtad  L.r.a.;. vlll bu vastly 
li.iprovcu by nountin,; the r<;fl .x platt aoro rigidly» 
fhwv will r-aarin, rnwovur, the IIBMV vibration of 
thi .sight rith rMPNt to the tub» (sight ruoUDtjo' 
SJll..:ly on Ir-.-nc of lifpltt«f r.hile th.s tub-; i3 •>,-   ck 
MVBtfd)«    ^incu th. la:.» : -<n the tub-: 1B ;.orf_ctly 
CioJ-r to fefag un«iiued eye tr.ij UMtf alffcronee rill 
bt siaply ths linear Vibration of tht ftaM of the 
plane at the point *hcn tho sight is nuuntul.    Dr. 
freuet, thinks it probable th'.t this will n-ot HMMd 
.t or ,v m, in   aplitudi.', although only a feast rith 
th. si.ht aountod' in u i.l .nc er.n 'ILCISQ this point 
duflnituiy.    Such a lir.ri.~r blur i.ould bu tolurablc." 

S.ctlon J.6.1, i*DäC has roconua^nöod th-t UM flight 
Sight bo transferred by O&nD to tho £Sur«..'iu of OrUntncc. 

1 

Theodore Eunhtm, Jr. 
Chief, i'iöctlr.n it.l, liUHC 
Optical Instruments 

22-24.1 hodx iL.'ou ..t-boratory 
ilussuchusctts Ir.-txtute 

of TechnuJ o, •' 
Cambridge 39« Kai -.'i^husotts 
Juno 10, 1946 
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E3ST3ICTED 

The development of neve ml form of «runaights of the Bo-calld reflex 

type bat been requested of the Institute of Optic« and carried through under 

Contract 0Btaivl6o,    Jour main typet have teen developed, two for airborne 

ute primarily In fighter aircraft, and two for application to the «mailer 

calibre nntl-alrcrnft /runs.   The first airborne alght to be completed under 

thle project vat required to provide an exit pupil aperture of more than 3 ***' 

diameter, to bo much more compact than the ffavy Mark 8 sight, to give much 

smaller spherical aberration than this tight, to provide brighter reticle il- 

lumination, und to bo simpler and cheaper to manufacture,    all the require« 

mentt were met by a reflex tight in which the optical path between graticle 

and lent it folded twice by mean« of plane mirrorn, together with a «pedal 

Illuminating «yatem of unusual efficiency.    Thle eight was adopted by the 

Air Force with modification« in mechanical donlgn to facilitate production 

raid procured under tho designation of the M-9.    Secaute of the peculiar fold- 

ing of the optical path Into the form of a figure k it 1« sometime« referred 

to a« the figure !* ni-^it, 

Tho second airborne ci-ht to be completed was developed to meet apeo- 

lflcatlon« of the rnvy Svrenu of Ordnance and tfnvy Bureau of Aeronautic« for 

a «ingle optical device which would lncludo lllumlnatod graticle, image of 

radar cathode ray tubo ecreen, and image of two flight Instrumente, gyro 

horizon, and air speed meter, all appearing In tho field of view of a pilot, 

looking ahead through the regular reflex gun«l«ht diagonal reflecting plate. 

This highly special development was required in certain plan« for nitfit opera- 

tion of the Th\j2 «inglo «eater carrier bated Envy fighter plane.   Only ono 

sample of thl« sight was built since change In the Armed Service plans 

eliminated the requirement for this device. 
BJSTBICT2D 
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The first ant1-airoraft reflex eight completed under the project wo« 

known as the T-67 and WAS developed for A Uo millimeter gun.    Very speclrl re- 

quirements Mere Imposed on this development Including provision for both 

electric and daylight illumination of the gratlcle.    Two sights were required 

per gun to provide for two man tracking, with somewhat different technlcnl 

requirements for the altitude and aslmuth units.    The daylight illumination 

requirement was mnde difficult by the necessary location of the reflex sights 

upon the gun.    Samples wore completed meeting all requirements and passed the 

tests of the anti-aircraft board Tory successfully,    A special version of the 

sight provided for radium phosphor illumination of variable intensity to tnke 

the place of electric illumination under night rod twilight conditions.    In 

this form no electric power supply was required, thoro being a very satis- 

factory overlap ritwocn tho dryllght Illuminated and radium Illuminated grnt- 

lcle pen-.lti.inK operation through twilight conditions.    Only slight modiflcrj- 

tions in aech;.';ijr.l designs were rerulrcd to meed Ordnance and nntl-nlrcraft 

production roiuircner.t 1, and very substantial orders were plncod for the sights 

in four modifications known as Ml, 1MB, M-23, and !t-2U. 

The second form of anti-aircraft r'.rht was first developed for use 

on the 50 cnllbi-e antl-nlrernft gun in ring mount enrried by certain 6x6 

and half-track trucks.    This sight wa« rooulred to bo vor;' compact and rug- 

ged, to operate ontlroly with daylight illumination of the grntlclft, and to 

be mounted on A p.irnllclogram>-lixo mrchnnlsm to kcop the sight somo 17 inches 

above the- gun Jarrol to eliminate disturbance of vision caused by muscle 

blnst.    X model of this sight was tested at Tort Knox against alrplnne towid 

H2STBICTED 
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targets with Tory good success.    Shortly thereafter a request vm mr.do for 

a similar reflex eight to be mounted on the Maxson anti-aircraft turret.     It 

was found thnt a slight modification of the optical and mechanical structure 

of the 50 calibre gunslgbt would moot the Maxson turret requirements.   A 

samplo was submitted for test by the Anti-aircraft Board with very satisfac- 

tory performance which resulted in Army Ordnance contracts for procurement 

of rery substantial numbers of this sight. 

Details of design and performance characteristics of the above typos 

of reflex sights arc discussed in this report. 
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üOB/mmn or anew, REFLEX GüH :-IGüTS 
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1.  Introduction- 

Pirio i h've long been equipped with open eights consisting of a groove 

or ftperturtJ at thr broach and a point or baud r»t the muzzle.    The toll end 

rinr -.iFh', with a point at one end centered in a rin;: at the other allows 

core heed freedom but requires clone alignment of the gunner's eye and has 

the further disadvantage of not allowing riir.ultaneous focus of the sijrht uvA 

the target. 

The earliest known use of telescopic sights mt during the Revolution, 

when a sixple syoten was used by the Americans.    More developed sight« of 

this type arc now In extensive use, with power varying frot irnit .magnification 

up to 12.    They give excellent image quality, with the reticle end target 

inrrer in the sane plcne thus requiring no change in focu; while aiming, but 

they have a United field, aro complicated in construction, end have a fixed, 

narrow eyepolnt. 

A reflex, or refloctor,  sight h.-a many advantages over the telescopic 

type; it allows great freedom of head end eyo movement, nas a very larga 

field, and is simple to construct.    Its priusary purpose is to indicate the • 

point of aim of • gun or sot of guns by projecting the image of an illur.inated 

reticle accurately in the diroctlon of fire; its secondary purpose is to give 

some means of quickly estimating the deflections for targets moving across 

the lino of fire.    The simple reflex sight in itself gives no magnification. 

The principal elements of ouch a sight arc shown in Figure 1.    An observer at 

t seos the image of the reticle R apparently et infinity through the trans- 

parent plate D.   As the eye is moved over an area equal to that of the lens C, 
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th« direction of «he aiming spot remains fixed, allowing considerable freedom 

In the position of the bead.   Because the reticle is Independently Illuminated 

by a source et A, it can easily be seen under conditions of poor external 

visibility. 

TA«0CT a* 2f >e 

OB 
Figure 1 

Simple reflex sight 

Variations in tbis design can be node; the sight can be "folded" to moke it 

■ore compact, the method of reticle illumination changed, and the relative 

amounts of reflection and transmission of the reflex plate can be controlled 

so as to give maximum visibility at all times. 

oeveral special types of reflex sights for the armed services have been 

designed at the Institute of Optics under Section 16.1 of the O.'.'RD (Contrcct 

OEUsr-160), at the request of the Itovy Bureau of Ordnance, the Army Air Force 

Itoteriel Board, and the Anti-Aircraft Artillery Division. 

"• B—11 Immrnf»   MmM mmmmmll 

In the early summer of 1942, the institute of Optics was informed of the 

shortcomings of the havy Mark 8 reflex sight, which had been tentatively 

accepted by the Navy and th» Army Air Force for use with aircraft guns. 

RESTRICTED 
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The Mnrk 6 hnd the advantage of being extremely compact, occupying a minimum 

or volume and obscuring as little as possible of the instrument panel of the 

plane; it ured a .-short focus, f/0.05 lens of S-l/2 inch aperture.    Objections 

to this sight were that the projection lens was not sufficiently well corrected 

for spherical and chromatic aberration, the reticle illumination was so weak 

that the projected image was not visiblo against the sky in the neighborhood 

of the sun, and 30 uneven that the brightness of the projected image vcriod 

considerably as the observer's eye moved across the Ions.    It was also 

difficult to produce in quantity because both material and workmanship were 

critical. * 

The Institute of Optics was asked to design a sight that «ould Incorporate 

the compactness of the Hark 8, but would not have the disadvantages mentioned 

above.    To avoid the large aberrations and cost of the f/0.85 system, it i.as 

decided that a slmpla two-element Ions of relatively long focal length be used, 

end tha optical path from reticle to lens "folded" by plane mirrors to obtain 

compactness.    An improved electrical method of illuminating the reticle was 

used, and a system of daylight illumination added. 

Due to the fact that the Army and Navy desired different size reticles 

special instruments hod to be designed for each service.    These are called 

Figure 4 sights, because of the shape of the light path. 

A. Type S-l (Army 9-9) 

A single ring of 70 mil diameter end a center dot was the reticle 

pattern desired by the Army; the tolerance of reticle deviation Kith movement 

of the head was given as 1 mil per inch.    (The Hark 8 reticle moved 6 mils per 

inch of head movement.)    Therefore, a two-clement leno of aperture ratio f/2.5 

whioh can eceomnodcte thii reticle else m.g designed for the projection lens. 
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Figure 2 ahovrc the opticr.l design of tills 3-1 eight, full size; piano mirrors. 

Ml und Mg, fold the optical path between reticle and lens twice, forming a 

figure 4.   These mirrors are modo by nluminlsing selected plate gls-ss with no 

additional optical working; lens elements ore made of spectacle glrsses which 

are produced in large quantities; the procurement of largo numbers of such a 

sight is, therefore, relatively oasy. 

Electrical illumination of the reticle is shown in Figure 8, giving a 

very brilliant Image «hieb can be seen almost up to the limb of the sun.   This 

is accomplished with a 5-6 candle power lump as compared with 21 c.p. In the 

K-.rk 8, and thus develops considerably less heat with less danger of burning 

out the reticle.   Light from the filament F is reflected by the simple 

spherical mirror M, which can be arrrjiged to concentrate the light in a rlnc 

in the plane of the reticle R which also contains tho center of curvature of 

the mirror.   The central spot is illuminated by a negative lens L which 

produces a brilliant virtual image of the filament in the plane of the reticle 

atC. 

One troublesome feature of the folded type of sight is the tendency for 

confusing reflections to appear in the projected imago.   This has been 

effectively eliminated by placing a diaphragm D (see Figure 8) several milli- 

meters outside the reticle, cutting off moat of the light outside the desired 

cone.   For the comparatively simple Army reticle, it was most convenient to 

make the reticle and light shield in one unit as shown; the opening which 

forms the ring is at the bottom of a 7-abaped groove with threaded sides which 

act as a series of closely spaced diaphragms.   She central spot has a single 

diaphragm outside its illuminating system.    Even with this shielding, two 

small ares of the ring where still visible by reflection in the last surface 
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•."  •■'Ac lens, but vrero eliminated by inserting two thin vanes V, shown In 

fffc.ro 2, T'hich appear adgo on to the observer and cannot be detected In 

ord L wry UJO.    Bio reticle ring R, io covered by a piece of glass G with the 

npW surface ground to diffuno the light. 

With the three cendle power filament, the projected lange is several 

tinos as bright "S that of the Mark 8, and the illumination appears quite 

•rifrn ever the v.hole aperture of the lens. 

/IT Bltamttl« method of illumination which utilises the light of the 

Sky lias alco 1-co.i applied succejrfuJly.    A general theorem of photometry fltr.tc 

that no optical device an incrc-. sc the apparent surface brightness of an 

extended area over tlv.t which would bi observed by the unnidrd oye.    Therefore, 

if reticle lit...-.-, rro tu be 113 us'.noted by tho sky, they c.nnot be aado to 

r.rpoer brighter than the sky itself, and unions the lino.i nro seen against a 

sky of roduced brightness thoy «..'ill have nc contrast and thus will be 

invisible. 

In tile MM it !■ MMMtf]  to substitute for the clear glass reflex 

pl-.tt one vhich has been SO treated that it3 transmission ad reflection arc 

each appoxlratoly SO per cent.    Buch rl^-to3 have boon developed M the 

Institute of Optics for this purpose.   Alternsto l«.yorn of high and low index 

mr.terir.ls, that have no appreciable absorption for visible light, :.re coated 

on r glass plr.tr>.    Ition the reflection is built up in this nay, true 60-50 

plates can be aado, rhllo if ■ "half-silvered" mirror is used about 20 por cent 

of tho light is lost by absorption in tho metal.    They accomplish thej doublo 

purpose of reducing the brightness of the sky background to ono-half while the 

brightness of tho rotielo, illumln/tod by full sky background (intensity I) 

through a ground glass is at full intensity.    Figures 4a And 4b shew the 
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ff «MOM In intonaity contrast with ■ clear gla83 and a 50-50 plate. 

50% 

■S2% 
*>B§*m% -~+-^—*~3o*+sojr 

o.V'oo 

fr-SO^ 

50/»00 

I 

'-.) cjcü f&AJtf (b) 50-50 pl-.te 

Quutmt 1 >- to riQfl   platt» coating 

IHgON 4 

Daylight tUMdrntlM Ml NHHI advantage3.    It io, of course, inort 

rclir.bltj tl-an etaotrlflal illurLv tion which la subject to povor failure. 

Moreover, th-j brifcY-rssr of the reticle inagc is -.utontticclly adjusted to r.' 

tmiltwit contrast v;ith MM sky against which it io seen.    In this MM the 

reticle ring is readily visible ov-jn when the sight is pointed directly at 

tho suu, a mtttcr or importance, since an oticmy pd/ru frequently attompts to 

approach in the path of the nun. 

At night, both the- alectriccl iliiur.in-.ticn r.nd unco.-;tod git as refla:  plate 

Mit bo replaced; provision if nrdo for easy changing of the ii.luniir.tion 

ays «em. 

Tue optic?.! parts of the type S-l wero nlaced in a wooden mockup (Kig. 5) 
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i I •.' brought to Captain Ryr.n, I A? Materiel Center at Wright Field, on August 15, 

1942, and the optical design left with hin.   He expressed great satisfaction 

with the electrical illumination, but ms somewhat skeptical about the day- 

light system.    It arris agreed thct the production mechanical design would be 

loft up to the manufacturer if the sight »ere produced for use.    This has now 

.•one into production in substantial quantities as the AAF, N-9 sight. 

'    ?".££• 
EM ->vy 8-2 aight is similar to the S-l, but designed for the larger and 

rn ^rfdiflftftd K.r.y :ei. tie,-   .;ilth requires two concentric tttV&Mt of 100 and 

MO  dl 2.:i '~:\  KirJ i -vd'ul   ■ -wr-,  atf.rting 25 mils from the cortor and 

iXtaOdsng +* ISC tJs.    it u>M an f/'5.0 lone, which can occomnoiate a reticle 

y'-O mi's- mmrt'   "••'.- It suf.-lcie.it ir the r'di^l .linos nxi placed on tie 

Ungoa&lj of t.vt«yw"i. 

7or fUwtufttlca of *Jie S-? r-tirlo, tho system uacd in the type S-l could 

ne« t"? t-TilcTtl.   B4CAUM it aid r->i. i.'.luiaiiv to thö r&diul lines- aufficiently 

<:e\:.    Bni lho K'rV »rarer of <i: > E-2 trpc consists sinply of a lrmp in an 

•*>eiceuri ki.il* higdl7 re"'J«*:1.JV  ■ 11'.; ths contn-1 jpot i.j illuminated by a 

MfktlW Ifflf ^r. buferOt    Another siethoJ of illuminating tho reticle more 

urfo-.J-y was, MftanJ  <u*. in July 1942, using n systco of 3eml-cylindrical 

itnsr.s on thj buck or Ite reticle pluto but this did not go into production, 

ra/light lUntfamttOB id a3 off active in the 3-2 ^   in tho S-l 3ight. 

dc»orai cuanlos .ii" tiiis instrimunt lerc ordarcd from the Preston 

L.jor^torioa in Janwry, 1945, by the Hcvy Bureau of Ordnance. 
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A third type of aircraft reflex sight .-as designed at the Institute of 

Optics differing fron the other two in that it use 3 a solid p> fistic optical 

system.    This oakes it less bulky than the 3.2, for a solid optical system hr.e 

tha advantage thr.t the foccl length in l/n times as long P.S en air system and 

the apparont diameter of the projected reticle pattern ie n times &s large 

(-.vhore n is the Index cf refraction of the plastic).    Thus the 100 mil ring 

in the Naiqr reticle pattern would requiro an actual ring of only 67 mils. 

Figure 6 aiows the full scale design of the type 3-5.   A single lens of 

spectacle crown glass L is used with ■ prism P of methyl mothacrylnto which 

h-.s one lens surfece and a curved reticle surface.    The dimensions of the 

system are comparable with 3-1.    The illumination is identiaQ. with tho S-2 

sight. 

Samples of the 3-5 typo wore made for the Muvy BuOrd b' Preston 

Laboratories, Sutler, Ti., at üic same time as the 3-1.    These hr.ve not been 

inspected at tho Instituto of Optics, but the lfc:vy reports th-1 thoy ».-ore 

unsatisfactory because it was impossible to obtain large blocks of plastic of 

sufficiontly good optical quality. 

III. Radar Reflex 3iaht (Flight Sight). 

At the request of Lt. Coanondor Taylor« USN, a conference was held at the 

Rodictlon Lr.boratory, Mr.ssachuaetta Institute of Technology, in June, 1942, to 

discuss the design of an optical sight to be used in conjunction with Radar in 

N-.'-y ningle seater night fighter planes.    Representatives of the Naval Bureau 

of Ordnance, the Radirtion L-bor-.tory and the Instituto of Optics attended. 

Tho purpose of this sight, called the"flight sight", waa to permit the 
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pilot of Q single soater plane to search visuilly and with radar for encny 

planes, end at the same tine to have before him instrument indications which 

could bo seen without alteration of eye accommodation ,-nd with ■ minimum of 

damage to  lark adaptation.    It v/as decided tti't the pilot should be able to 

seo images projected at infinity against the sky of I 

1. A reticle for aiming the guns. 

2, The face of the radrr oscilloscope screen. 

S.   The indication from ■ gyrohoriron. 

4. The indication from .-n airspeed motor. 

5. A bright rcticlo for use in day fighting. 

"'ith these imagos visible in the reflex plate, the pilot intercepts r.nd 

attacks ■ n enemy without need to rofer to any other instruments.    The H.-.vy 

requestod th-t the sight be designed specially for an F4Ü-2 plane, which would 

not bo ri'.-dy for inspection until September, but th.t the first 3tmplo be 

fdrpted for use in c JItB airplane.    Siso should be hold to a cinimum, rnd the 

sight should be suitable for both night and Ary use.    Duplicate instruments to 

those already on the instrument panel could be used if nuco.-.v ry. 

Aft=r en inspection of the F^U-2, ■ specific design and r/ooden mockup of 

the flight sight were made.    In November, theso were discussed with officers 

at the Mrval Air Station, Quonset Point, R.I., and slight ch-.nges made.    It 

m» agreed that the sight should be built zo cs to fit over the radar 

oscilloscopo in the instrument panel, with provision allorod for viewing the 

radar screen directly as woll as with the reflex plate.   An auxiliary gyro 

horizon and airspeed in.Ucr.tor could bo included in the instrument. 

A drawing of the assembled sight placed over the radar scope is shown in 

Figuro 7; Figure 8 gives on isometric vlow of the method of projecting tho 
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various langesv with the field pattern shown In the upper left-hand corner. 

Light from the radar screen Is reflected by the mirror M^ through the semi- 

transparent plate Mg and projection lens to the reflex plate and thence to the 

eye. The gyrohorizon light passes through the semi-transparent plate M5 and 

is reflected at Kg; tho airspeed indicator light is reflected first at M5 and 

then at Mg. 

In frcnt of the airspeed indicator a night reticlo is placed with a circle 

in the center of 26 nils dimeter which servos as an aiming spot and tho zero 

of coordinates for the radar pip. Four fixe', graduations at the cardinal 

points act as reference prints for the tire, of tho horizon bar G of the gyro 

horizon and the hand A of the airspeed indicator, seen at the edge of the 

field} the two indicators rotate concentricly with the aiming ring. The radar 

screen covers the circular are* shown en tho field view. For day use, the 

scmi-ruflector M5 is rotated by ninety degrees so that it reflects the image 

of an illuminate 1 reticle of the conventional Navy pattern. Figure 9 shows 

photographs of tho completed flight sight. 

The construction of the instrument was completed in the last week of 

March end the sight taken to Qucnset point oh April 5, 1945. Ho further 

report :n.s made to the Institute of Optic3 until August, 1944, '.men two 

representatives were asked to attend a flight test et Prtuxcnt River Navel Air 

Station. In a Navy report dated the 21st of August, 1944, the rosults of this 

end succeeding tests in a JP.B plane are given. First tests were made using a 

plain glass reflex plate, but this did not give sufficient intensity of the 

radar indicator; a socond reflex plate of 50 per cent reflection was apparently 

satisfactory. The total -.-.eight added to the airplane by the u.-.u of the flight 

sight was approximately 12 pounds, which the Navy desired to reduce. Radar 
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napping rppcaring In tho eight was satisfactory for both range -Jid azimuth, but 

elevation could not bo determined because tho two dots used for this purpose 

olurrod into one br.dly focussed spot due to vibration of the instrument. Tents 

■I the Institute of Optics showed the mounting of tho reflex plate to be • t 

."nit, end thr.t a sr.mple brace would remedy the condition. The airspeed 

indicator and gyrohorison were considered very helpful to the pilot. 

O 

iv. Reno* aifjnt for ;.-a Qm, 

In July, 1948, the Institute of Optics was raked to design two reflex 

sights to replace the unit power telescopic sights in tho M-7 lead computer 

on tho 40 mm Bofors anti-circrcft gun. The social requirements were -is 

followst 

a) Deviation of the reticle image loss thin 1 mil, rs the eye moves 

from the center to the edge of the fiold. 

b) An eye circle 0-"  in which complete reticle image can be seen) 

-t least 55 mm in di-uneter. 

c) A rcticlo puttern consisting of ■ single line 100 mils long, seen 

horizontal In the elevation sight and vertical in tho asimuth sight* 

d) The moment of inertia about the point of support, 20 centimeters 

below the line of siffct, held to l minimum to ciecroase the deflection of tho 

sight due to recoil of gun. 

e) Dimensions and fitting suitable fur counting the sight on tho 

existing 11-7 lead computer. 

Three 40 mm aperture sights with a focal length of 120 mm, model 5407, ser. 

01,02 "nd 05 were designod nnd built at the Instituto of Optics. These were 

identical in the main body of tho sight, but differed in the method of lllumima- 
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tiori. The principal features ore shown in figure 10, «her«? the main body of 

tho sight is included on the left and the illumination system ofscr. OS is 

shorn an tho right of the dotted line D-D. 

The principal source of illumination in all three jights is tho sky in 

the immediate neighborhood of the target. Light from this portion of the sky 

ie brought to the reticle pi-tu, G, around v.- rious parts of the load computing 

mechanism by a carefully designod leno end prism system. The construction of 

the SS-7 load conputor is such that the azimuth sight is mounted directly behind 

a box, E, containing the lead setting mechanism, with the lino of sight baroly 

clearing the top of tho box, Tho altitude sight was similarly obstructed, but 

to '. lesser dogroa. Sky illuminators, therefore, vtoich must utilize light from 

a horizontal strip of sky containing the target (in order to nnsure constant 

contrast) had to be designed so that the light entered through a priem P 

locate«? just below the lower odge of the reflex plate. 

As in the previously described sights, both surfaces of the reflex 

plate P. arc coated with a partially refluctirv? film, in order to reise thu 

contrast'between the sky illuminated lino and the 3ky itself as seen through 

the plate. This simple method of illumination givos a very conspicuous line 

.:.: ch maintains its contrast against the brightest sky and con be seen right 

up to the limb of the sun if the observer can st* nd tho eye strain. It has 

the further merit of being unaffected by any failures In an electrical 

circuit, which, on a hand operr.ted gun with no built-in electrical system, is 

of considerable importance. 

Figure 11 shows the optical systems for the altitude and azimuth sights; 

they differ only in the erecting prism (2) of the azimuth sight uhich gives a 

vertical image of the horizontal strip of sky from -.filch the light comes. 

« 
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In order to fill the objective lens without resorting to large and cumbersome 

prisms, two crossed cylindrical lonses were used. Those were ground directly 

on the frees of prisms 1 *nd 5. The function of the cylindrical surfaces is 

apparent in Figure 12, which shows the optical system straightened out by 

omitting the plane reflecting surface. The two drawings represent the system 

in pianos parallel end perpendicular to the reticle slit. 

In addition to the sky illumination, the three sights are equipped •.;ith 

auxiliary illumination for use at night. In sights 01 and 02 the auxiliary 

systom is electrical and is made sufficiently bright for day use. Change over 

from daylight to electrical illumination is accomplished in sories 01 

(azimuth sight) by sliding prism S (Figure 11} out of the beam, permitting 

light from the lamp filament to reach the slit via the cylindrical mirror. 

In series 02 (elevation right) the eh' nge over is accomplished by simply 

screwing the illuminator in place} sky illumination is obtained by exposing 

the roticle to the open sky. Uhon this sight HUB first tried on the gun, it 

•. ar. found that the sky was partially obstructed and for this reason a prism 

system is used in series OS (elevation sight). 

A preference for sky over electrical Illumination for day use was 

expressed by the AAA board upon examination of series 01 and 02, end, there- 

fore, another night system is used in series OS, that of a much fainter radium 

excited fluorescent illumination. The fluorescent materiel (U.S. Radium Corp. 

»255s) is coated over the cylindrical surface C (Figuro 10) and covered with a 

wedge of pi- -tic binder varying from sero to 0.008 inch. This cylindrical 

surface can be rotated about its axis by means of an external knob so thr.t it 

con be turned entirely out of the optical system, for day illumination, or iny 

port of the coated surface brought into position behind tho reticle slit for 

night use. The brightness of the fluorescence varies with the thickness of the 
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plastic covering which absorbs port of Ute energy of the radium a particles 

which produce the fluorescence. Thin provides a satisfactory HIM of ?;djust- 

ing the reticle brightne33 over a range of rbout 100 to 1. 

The source, ends by the united Statos Radium Corporation, consists of 

radium rolled in gold foil of about 5 microns thickness rnd supported on a 

silver backing 125 microns thick, with tlie concentration of radium 0.20 mg/crr. 

This high r-dium concentration, necessary to obtain the dosired brightness in 

the fluorescent surface, would destroy the fhosphor in a few weeks if it were 

permanently exposed to tho i.-lpha prrticlo bcratr rdacnt. Therefore, tho radium 

impregncted foil is mounted in c  narrow strip on each side of the reticle slit 

and bonberds only the phosphor directly bohind the slit; when not in use the 

phosphor is swung away. 

Photogriphs of the three models arj rhovn in Figure 15. By February, 1944 

rll three sights rere delivered to Lt. Colonel Ncsnith, cf tl»e AAA Board, 

Camp Davis, N.C., for testing. Those sights are now in substanticl production 

by tv:o manufacturers, and ore known as the U-21, M-22, M-2S and H-24, 

respectively. 

V. Roflex Sight3 for 40 Cr-libur H. chine Gun and Maxson Gun Turrett 

At the request uf MrJor F. 3. Brackett, Armored Medical Research 

I/:bomtory, Fot Knox, Ky., a reflex sight was develojed for •. 50 caliber 

machine gun, to be mounted on both 6 x 6 and half-track trucks. While this 

sight was being developed, another request came from Camp Davis (Lt. Col. 

Njsnith), for a sight to dotermine the .in of the SO caliber guns in a Maxson 

rnti-aircraft turret, to replace their type M-9. This needed the same optical 

system but a slightly lrrgor reticle thv.n tho nr.chino gun sight. 

The original sight designed for Ft. Knox used on optical system with an 
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C> f/2 lens of SO Mi aperture and a curved reticle of 51.8 am radius. A pattern 

of concentric rings «as traced on the reticle, with the largest of radius 

210 ails. The displacement of a point In the canter of the field «as lees 

then half a all as the aye acred over the complete aperture, and lese than 

one all for point« on the 210 nil ring. There «as no perceptible lateral 

color even in the largest ring. Daylight illumination TOO used with provision 

made for (fcmping on an electrical illumination system for night use. 

It was desired to have the eyepolnt fixed in apace so that the operator 

mould not be required to rise and crouch depending on the direction of the gun. 

Also, the line of sight should be from 14 to 18 inches above the line of fire 

in order to allow sighting over the smoke of tho nuzzle blast. A difficulty 

arose due to the changing distance between the uyepoint and the handles of the 

gun as the barrel mas raised and lowered, making it hard for the operator to 

keep his head in the eyepolnt position und at the same time keep a firm grip 

on the handles. A compromise was achieved between a fixed eyepolnt nnd a 

fixed distance between eyepolnt and handles by mounting the sight on a wooden 

porallolograa which changed its angles with the> aovaaent of the gun (by 

pressure on the head rest) and allowed comparatively easy sighting. The mount 

was such that boresighting could be maintained to within 5 mils during the 

firing of the machine gun. 

This sight was completed in February, 1344, and demonstrated with the 

wooden parallelogram in firing tests at Port Knox. The accuracy of aim was 

much better with the sight than without it and the basic problea mas 

considered solved. The saw» sight without the wooden mount mas shown to the 

group at Camp Davis on the aaxson turret, also in Februcry, with favorable 

result«. It was decided that while a new metal parallalogWal ' 
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(sec supplement) was being constructed for the Fort Knox sight, the aperture 

of the lens system could be Increased to 60 on to incorporate a 280 nil radius 

ring desired at Camp Davis; this would \l.;o allow a longer eye relief for the 

machine gun usey and would require no ch'inga in the lens system except in 

diameter. 

The final instrument was completed in July, 1944. Figure 14 shows the 

optical design, and Figure IS photographs of tho sight and parallologrrji. A 

no.j mounting takes care of lateral as well us longitudinal vibrations during 

firing, the prrallelogram being mounted on the gun through a spring steol 

cantilever. The Ft. Knox group also mrde a mount tc their own design. At 

Camp Davis the new sight wan received with enthusiasm, r.nd it is now in 

substantial production. 
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SUPPLEMENT 

DESCRIPTION OF 

PANTOGRAPH SIGHT MOUNT FOR THE SO CALIBER FLEXIBLE MACHINE GUN 

^ 

At tha time this mount was conceived, SO col. AA machine gun fire control 

consisted essentially of individual tracer observation. The use of the 

standard sights provided on tho 50 cal. r uns • -as impossible becr.uso of the 

3soke cloud and heat eddies formed during the firing of even ■ short burst. 

Since tracer observation is an inefficient method of fire control for AA work 

against strafing eircreft, some method of mounting a small reflex sight 

approximately 20" above the line of fire XIE deemed '.»rthy of trial. 

The construction decided upon consisted of a pnr-.llclogmm made up of . 

tro prirs of arms holding I rectangular platform about 17" over the gun 

barrel and attached to the gun barrel and receiver. These rrms «ore mounted 

in low-friction bearings at all eight points of attachment, thus allowing the 

parallelogram to • It or its shape r.s the gun '.«as elevated or depressed. A 

second smell parallelogram nerved as r. link between this main sight mount 

end the swivel gun mount for the purpose of maintaining the sight in a 

relatively fixed position in spece. Th8s "control link" parallelogram differed 

from •) true parallelogram in two respects) first, ono arm consisted of a leaf 

spring to lend resiliency to the mount, end second, another era uns made of 

adjustable length to allow adjustment of the neutral position and travel of 

the main unit. Figure 16 shows ■ design drawing of the parallelogram. 

The sight mounted on this elevated mount was of the daylight-illuminated 

reflex type having a wide aperture permitting lend rings of SCO mph to bo seen. 

A headrest was provided on the mount for increased gunner comfort. Figures 

17-20 comparo the easa of viewing with the parallelogram mounting und with a 

fixed mounting. 
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The follo./lns ttl|NM iTi- nrridlon-il rry rlo' ■ frr »he :>XRsn reflex 

-l-ht.    Alon;; the ordiiwtn is  (lotted the hei"ht *h«t •   rry rif.rllces the 

0 decree pr-rexiel rry la» -c 3ur*rse| thi« -^1 no la 8#12 en %•■ the bnck 

r-urfor  of the lens.    Alcnr the f-bsciier.  in "lotted  *.i * < nein ti-e rr»y 

a kes   -lth the KXI«,    The follc/in-; dirr^rc.a illurtrrtes th»  Wtativn UMi« 

r?rp»CSeNTAT»VE 
IMAGE PtANE 

—tl 
It ofcould  b« nctod th-1 the obliqu«   «•rldirnel  pay plete Mrl  'lcrin*, 

indicating tJvt tr,e field  i* ||—y|  ourvi  R to rr* trr  !ene.    X'  i" tho 

hcriz-.-nt.-l dlatrnce frca the    »>rnxi:l  Ira"■■#• rl">- tr  I/.r elo-o Mftlttal 

f.y im-'-e.     The reticle  surf: oe VM    jrvn<1  'o   'neu» MM  ">-ridicn>l r-yo. 

The fi.v»l  gri  h the  o the r«;.iul*i of tMtffig i.  ftl-lit*     Ti.te ;>lot  n! era 

the overall    enVr.-i-nee of tl;o lartrtMMt ritr. fehl reticle •"ceuo-'s* in 

the 3 tlaua   c.itio.,. 
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Details of design and performance characteristics of four reflex type gunsights are 

described.    The M-9 airborne sight has a 5-1/2-inch exit pupil aperture and a folded opti- 
cal path.    A radar reflex sight, which -naa developed, Includes illuminated graticyle, image 
of radar cathode ray tube screen,  image of gyrohorizon, and an air-speed indicator,  all 
of ntiich are viewed through the sijgit.    Too antiaircraft type sights are also described. 

IIGGI10II00I i aom DIQDI IDIID Diir^uin^pi^JJ^0" 



St SVK-ft - «■> «" #39 Jan - 21 Feb 19^7 


